Aims/hypothesis While the use of insulin pumps in paediatrics has expanded dramatically, there is still considerable variability among countries in the use of pump technology. The present study sought to describe differences in metabolic control and pump use in young people with type 1 diabetes using data collected in three multicentre registries. Methods Data for the years 2011 and 2012 from 54,410 children and adolescents were collected from the Prospective Diabetes n=26,198), T1D Exchange (T1DX; n=13,755) and the National Paediatric Diabetes Audit (NPDA; n=14,457). The modality of insulin delivery, based on age, sex and ethnic minority status, and the impact of pump use on HbA 1c levels were compared. differences in metabolic control exist across the three large transatlantic registries of paediatric patients with type 1 diabetes, which appears to be due in part to the frequency of insulin pump therapy.
Introduction
Despite the introduction of continuous subcutaneous insulin infusion pump therapy~35 years ago [1] , widespread translation of this technology into paediatric practice has only occurred in the last 15 years. Increased use of pumps in paediatric medicine has been driven by advancements in pump technology and recognition of the importance of lowering HbA 1c levels to delay or prevent the vascular complications of diabetes [2] . Small paediatric trials of pump therapy have shown that pump use is associated with lower HbA 1c levels, reduced hypoglycaemia and no concomitant rise in the prevalence of overweight/obesity [3] . A recent large 7 year case-control study corroborated these findings by showing that pump therapy was associated with long-term lowering of HbA 1c levels [4] .
In 2007, a joint consensus statement by leading paediatric diabetologists recommended that pump therapy should be considered in children and adolescents with suboptimal diabetes control, wide fluctuations in blood glucose levels regardless of HbA 1c and when the insulin regimen compromised lifestyle: indications for pump use that could be met by almost every young person with type 1 diabetes [5] . Nevertheless, variations in the support for and use of pump technology exist, even among developed Western countries. To address this issue, we compared data from three large registries of paediatric type 1 diabetes patients: the German/Austrian Prospective Diabetes Follow-up Registry (DPV), the US T1D Exchange (T1DX) and the English/Welsh National Paediatric Diabetes Audit (NPDA). We examined differences between the registries in frequency of pump therapy based on age, sex and ethnic minority status, as well as the impact of pump use on HbA 1c levels.
Methods
Participants Participants in all three registries were included in the analysis if they had a history of type 1 diabetes, were aged <18 years, information was available on the insulin delivery modality, and they attended at least one office visit during 2011-2012, as reported previously [6] . Sites for DPV and T1DX are listed in the electronic supplementary material (ESM) List of registry sites.
The DPV cohort included 26,198 participants from 209 sites. Since the clinical characteristics and patterns of pump use were similar in Germany and Austria, data from both countries were combined for analysis. The T1DX cohort included 13,755 children and adolescents enrolled between September 2010 and August 2012 at one of the 57 registry sites that care for paediatric patients. NPDA data were collected between April 2011 and March 2012 for 14,457 participants. As for the DPV, data from both England and Wales were combined for these analyses.
Explanatory variables
The median Diabetes Control and Complications Trial standardised HbA 1c level (i.e. presented as a percentage), excluding any values obtained within 3 months of diagnosis, was computed for each participant [7] . Any use of a pump in the past year was categorised as pump use. Definitions of ethnic status for each registry were described previously [6] .
Statistical methods Summary statistics were calculated within registries and overall. Kruskal-Wallis or χ 2 tests were performed to compare demographic and clinical characteristics among registries. The proportions of participants using pump therapy were tabulated by registry and by strata of explanatory variable. These analyses were repeated with multivariable logistic regression models, adjusting for age, diabetes duration, sex and ethnicity, to compare the rates of pump use between registries. Multivariable linear regression models were used to compare HbA 1c values among registries and between pump and injection users. Additional analyses were stratified by sex, age group and minority status. Statistical analyses were performed using SAS statistical software (version 9.4, SAS Institute, Cary, NC, USA). All p values are two-sided. A priori, in view of the large sample size and multiple comparisons, only p values <0.01 were considered statistically significant.
Results
Demographic data are presented in Table 1 . The threefold greater use of insulin pumps in the DPV and T1DX registries compared with the NPDA was the most striking difference (p<0.001). The frequency of pump use differed by age across the three registries (ESM Fig. 1 ). In the DPV,~70% of children aged <6 years vs 35-40% of older participants received insulin pump therapy. In the T1DX, the lowest rate of pump use was seen in the youngest cohort; in contrast, low rates of pump use were observed in all age groups in the NPDA (ESM Fig. 1) .
Across all three registries, 22.1% of ethnic minority participants used pumps vs 34.5% of non-ethnic minority patients 
Discussion
In 54,410 children and adolescents with type 1 diabetes in three registries, HbA 1c levels were on average 0.5% (5.5 mmol/mol) lower in participants receiving insulin pump vs injection therapy, a finding similar to that reported in a number of small, single-centre studies. However, <50% of young people in these five countries were receiving pump therapy. Pump use was limited even though the majority of participants had HbA 1c levels that exceeded the glycaemic goal of HbA 1c (<7.5% [<58 mmol/mol]) recommended for children and adolescents with diabetes [8] [9] [10] .
The use of pump therapy in NPDA was only~30% of that in the DPV and T1DX registries, which could partially be related to national UK guidance from the National Institute for Health Care and Excellence (NICE) specifying that pumps should be considered for children <12 years of age provided that multiple daily injection therapy is considered impractical or inappropriate. Moreover, the use of pump therapy in patients aged >12 years is only recommended if an individual has disabling hypoglycaemia or if HbA 1c has remained high (>8.5% [>69 mmol/mol]) on injection therapy [11] . These limitations do not exist in the other countries. The rates of pump use by age differed between the registries. The youngest age group had the highest frequency of pump use in both the DPV and NPDA registries. Conversely, adolescents had the highest frequency of pump use in the T1DX, which may provide greater independence and autonomy and facilitate the transition of care that begins in adolescence.
Despite the presence of many similar clinical characteristics for participants in the three registries, the overall HbA 1c level was highest in the NPDA. This difference was not entirely explained by differences in pump use in the NPDA cohort because HbA 1c was higher in injection-treated and pump-treated patients in the NPDA compared with the other two registries. The difference in HbA 1c levels between injection-treated and pump-treated participants was greatest in the NPDA and smallest in the DPV.
The use of insulin pump therapy was lower in ethnic minorities in all three registries. As ethnic minority background and low socioeconomic status (SES) are often inter-related, it is possible that this relationship resulted from low SES rather than racial/ethnic factors. Future investigations should focus on the reasons for the lower use of pumps in children and adolescents of ethnic minorities and advocacy efforts should be directed at assuring that all young people with type 1 diabetes have equal access to this insulin delivery modality, when appropriate. As pre-screening of individuals deemed suitable for pump therapy is often conducted by the clinical care team, those who are provided with the option of this insulin delivery modality frequently have more consistent follow-up and display better adherence to the prescribed medical regimen. Methods to motivate and encourage patients who are struggling or disengaged with their care need to be explored.
A limitation of the present study is that the period of pump use was not reported. It is possible that someone new to pump therapy may not have fully realised the benefits of pump therapy, which would have mitigated our ability to detect differences in metabolic control. Additionally, the present analysis included those within the first year after diagnosis; thus, it is possible that endogenous residual insulin production could have led to lower HbA 1c levels in those with the shortest disease duration. Interestingly, regardless of disease duration (<2 years or >2 years), the use of insulin pumps was associated with lower HbA 1c levels across all three registries (ESM Table 1 ). In contrast to the other two population-based registries, all T1DX participants received their care at specialised, tertiary care centres. In addition, the mode of insulin delivery was submitted for only~60% of patients in the NPDA.
It is important to note that the cross-sectional data reported in this paper primarily reflect the evolution of insulin pump therapy in paediatric care over the past 15 years rather than the current revolution in diabetes technology that is just beginning to be translated into better care for children with type 1 diabetes. As science and technology move closer to a mechanical solution to the problems of managing children and adolescents with type 1 diabetes, it will be even more important to ensure that our paediatric patients have access to such treatment advancements. Fig. 1 The overall mean HbA 1c (a), mean HbA 1c in participants using injection therapy (b) and mean HbA 1c in participants using pump therapy (c) by registry. Dashed lines represent an HbA 1c of 7.5% (58.5 mmol/ mol), the glycaemic target recommended for the paediatric population
